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1. Introduction

The concepts of fuzzy sets and fuzzy set operations were first introduced by Zadeh [1]
and subsequently several authors discussed various aspects of the theory and applica-
tions of fuzzy sets such as fuzzy topological spaces, fuzzy functional analysis, and fuzzy
sequence spaces. Bounded and convergent sequences of fuzzy numbers were introduced
by Matloka [2] where every convergent sequence is bounded. Nanda [3] has studied the
spaces of bounded and convergent sequences of fuzzy numbers and has shown that they
are complete metric spaces. The space Γ of entire sequences was studied by Ganapathy
Iyer [4]. In this paper, we introduce fuzzy topology into Γ. Then Γ turns out to be a fuzzy
sequence spaces. Firstly we define the metric for the fuzzy sequence spaces and we try to
introduce the notion of the fuzzy entire sequence spaces. Also we deal with topological
properties of the space of fuzzy entire sequences. We first prove that the space of fuzzy
entire sequence is a complete fuzzy metric space and also is a fuzzy linear metric space.
The concepts of subset and superset of the fuzzy entire sequence space are introduced and
their properties are discussed.
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2. Preliminaries

At first, we recall some definitions and results about fuzzy numbers. A fuzzy number
space is a fuzzy set on the real axis, that is, denote F(R) = {ã | ã : Rn → [0,1], ã has the
following properties (a)–(d)}:

(a) ã is normal, that is, there exists an x0 ∈ Rn such that ã(x0)= 1;
(b) ã is convex, that is, ã(λx + (1− λ)y) ≥min{ã(x), ã(y)} whenever x, y ∈ Rn and

0≤ λ≤ 1;
(c) ã(x) is upper semicontinuous;
(d) [ã]0 = cl{x ∈ Rn : ã(x) > 0} is a compact set.

As obtained by Zadeh, ã is convex if and only if each of its α-level sets ãα, where ãα = {x ∈
Rn : ã(x)≥ α} for each α∈ (0,1], is a nonempty compact convex subset of Rn with com-
pact support. The α-level set of an upper semicontinuous convex normal fuzzy number
is a closed interval [ã−λ , ã+

λ ], where the values ã−λ =−∞ and ã+
λ = +∞ are admissible. Since

each x ∈ Rn can be considered as a fuzzy number ã, defined by (2.1), the real number can
be embedded in F∗(R). A fuzzy number ã is called nonnegative if ã(x)= 0 for all x < 0.
The set of all nonnegative fuzzy numbers of F∗(R) is denoted by F(R). Let k ∈ F(R) and
k =⋃λ∈[0,1] λ[k,k],

ã(x)=
⎧

⎨

⎩

1 for x = k, k ∈ Rn,

0 for x �= k, k ∈ Rn.
(2.1)

For any ã∈ F(R), ã is called fuzzy number and F(R) is called a fuzzy number space. For

ã,˜b ∈ F(R), we define ã≤ ˜b if and only if [ã]λ = [ã−λ , ã+
λ ]≤ [˜b]λ = [˜b−λ ,˜b+

λ ] and [ã]λ ≤ [˜b]λ
if and only if ã−λ ≤ ˜b−λ and ã+

λ ≤ ˜b+
λ for any λ∈ [0,1].

Theorem 2.1 (representation theorem). For ã∈ F(R),
(1) ã−λ is a bounded left continuous nondecreasing function on (0,1];
(2) ã+

λ is a bounded left continuous nonincreasing function on (0,1];
(3) ã−λ and ã+

λ is right continuous at λ= 0;
(4) ã−λ ≤ ã+

λ .

Moreover, if the pair of functions a(λ) and b(λ) satisfies (1)–(4), then there exists a
unique ã∈ F(R) such that ãλ = [a(λ),b(λ)] for each λ∈ [0,1].

Define F(R)×F(R)→ R by d(ã,˜b)= sup0≤a≤1 δ∞(ãα,˜bα) for ã, ˜b ∈ F(R) and δ∞(A,B)=
max{supa∈A infb∈B ‖a− b‖, supb∈B infa∈A‖a− b‖}. It is known that (F(R),d) is a com-
plete metric space.

Let ˜0 and ˜1 be defined by

˜0(x)=
⎧

⎨

⎩

1 for x = 0,

0 for x �= 0,
˜1(x)=

⎧

⎨

⎩

1 for x = 1,

0 for x �= 1.
(2.2)

The absolute value |ã| of ã∈ F(R) is defined by

|ã|(t)=
⎧

⎨

⎩

max
{

ã(t), ã(−t)}, t > 0,

0, t < 0.
(2.3)
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Definition 2.2 [5]. A sequence x̃ = (x̃k) of fuzzy numbers is said to be a Cauchy sequence
to a fuzzy number (x̃m), written as limn→k x̃k = x̃m, if for every ε > 0 there exists a positive
integer N0 such that ρ̃(x̃k, x̃m) < ε for k,m>N0.

3. Fuzzy entire sequence Γ(R)

Now we introduce the new fuzzy sequence space and we show that this is a complete
metric space.

For each fixed n, define the fuzzy metric

ρ̃
(

x̃n, ỹn
)

=
⋃

λ∈[0,1]

λ
{

∣

∣

(

xn
)−

1 −
(

yn
)−

1

∣

∣

1/n
, sup
λ≤η≤1

{
∣

∣

(

xn
)−
η −

(

yn
)−
η

∣

∣

1/n∨∣∣(xn
)+
η −

(

yn
)+
η

∣

∣

1/n
}

}

.

(3.1)

Let x̃ = {x̃n} and ỹ = { ỹn} be sequences of fuzzy real numbers. Define their distance by

˜θ(x̃, ỹ)

=
⋃

λ∈[0,1]

λ

{

sup
(n)

∣

∣

(

xn
)−

1 −
(

yn
)−

1

∣

∣

1/n
, sup

(n)

{

sup
λ≤η≤1

{
∣

∣

(

xn
)−
η −
(

yn
)−
η

∣

∣

1/n∨∣∣(xn
)+
η−
(

yn
)+
η

∣

∣

1/n
}

}}

.

(3.2)

Clearly, (F(R), ρ̃) is a complete metric space [6].

Definition 3.1. x̃ = {x̃n} is called a fuzzy entire sequence if ρ̃(limn→∞ x̃n) = ˜0. In other
words, given ε > 0 there exists a positive integer N such that ρ̃(x̃n,0) < ε for all n∈N . Let
Γ(R)= {all fuzzy entire sequences}.

Example 3.2. Let ãn = 1/n! for n = 1,2, . . . be a sequence fuzzy numbers. Now we have
ã= (ãn)= (1/n!), where n∈ F(R).

ρ̃
(

ãn,˜0
)

=
⋃

λ∈[0,1]

λ

{

sup
∣

∣

∣

∣

(

1
n!

)−
− 0−

∣

∣

∣

∣
, sup

n

{

sup
λ≤η≤1

{
∣

∣

∣

∣

(

1
n!

)−

η
− 0−

∣

∣

∣

∣

1/n

∨
∣

∣

∣

∣

(

1
n!

)+

η
− 0−

∣

∣

∣

∣

1/n
}}}

= ˜0.
(3.3)

This implies that ã= (ãn)= (1/n!)∈ Γ(R). Hence, ã= (ãn) is a fuzzy entire sequence.

Theorem 3.3. (Γ(R), ˜θ) is a fuzzy complete metric space.
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Proof. It can be seen that ˜θ is a metric for Γ(R). Let {x(i)} be any fuzzy Cauchy sequence
in Γ(R). Then for every ε > 0, there exist a positive integer N such that

ρ̃
(

x̃(i)
n , ỹ

( j)
n
)

≤
⋃

λ∈[0,1]

λ
{

sup
n

∣

∣x(i)−
n1
− x

( j)−
n1

∣

∣

1/n
, sup

n

{

sup
λ≤η≤1

{
∣

∣x(i)−
nη − x

( j)−
nη

∣

∣

1/n∨∣∣x(i)+

nη − x
( j)+

nη

∣

∣

1/n
}

}}

= ˜θ(x̃(i), x̃( j)) <
ε

5
for i, j > Nn.

(3.4)

This implies that {x(i)
n }∞i=1 is a Cauchy sequence in F(R) for each fixed n.

(F(R), ρ̃) is a complete metric space; hence the Cauchy sequence {x(i)
n }∞i=1 converges to

x̃n, that is ρ(x̃(i)
n , x̃n)= 0 as i→∞ for each fixed n

=⇒ lim
i→∞

⋃

λ∈[0,1]

λ
{

∣

∣x(i)−
n1
− x−n1

∣

∣

1/n
, sup
λ≤η≤1

{
∣

∣x(i)−
nη − x−nη

∣

∣

1/n∨∣∣x(i)+

nη − x+
nη

∣

∣

1/n
}

}

= 0 ∀n

=⇒ lim
i→∞

⋃

λ∈[0,1]

λ
{

sup
(n)

∣

∣x(i)−
n1
−x−n1

∣

∣

1/n
, sup

(n)

{

sup
λ≤η≤1

{
∣

∣x(i)−
nη −x−nη

∣

∣

1/n∨∣∣x(i)+

nη −x+
nη

∣

∣

1/n
}

}}

=0 ∀n

=⇒ lim
i→∞

˜θ
(

x̃(i), x̃
)= 0, where x̃ ∈ (x̃n

)

.

(3.5)

Now we will show that x ∈ Γ(R). In (3.4), letting j →∞, we get ρ̃(x̃(i)
n , x̃n) < ε/5, since

{x(i)
n } is a Cauchy sequence for each n.

This implies that ρ̃(x̃(i)
n , x̃(i)

k ) < ε/5 for n,k ∈Ni.

Similarly, ρ̃(x̃
( j)
n , x̃

( j)
k ) < ε/5 for n,k ∈ Nj . For each fixed j, put N =max{Nn,Ni,Nj}.

Then for given ε > 0, there exist x(i),x( j) ∈ F(R) in connection with (3.4) such that

ρ̃
(

x̃
( j)
n , x̃

( j)
k

)

<
ε

5
, ρ̃

(

x̃(i)
n , x̃

( j)
n

)

<
ε

5
for i, j,k,n > N

=⇒ ρ̃
(

x̃(i)
k , x̃

( j)
k

)

≤ρ̃
(

x̃(i)
n , x̃

( j)
n

)

+ρ̃
(

x̃(i)
n , x̃(i)

k

)

+ρ̃
(

x̃
( j)
n , x̃

( j)
k

)

≤ ε

5
+
ε

5
+
ε

5
= 3ε

5
for i, j,k≥N

=⇒ {x(i)
n

}∞
i=1 is a fuzzy Cauchy sequence in F(R)

=⇒ by the completeness of F(R), ρ̃
(

x̃(i)
k , x̃k

)

≤ 3ε
5

for some x̃k ∈ F(R)

=⇒ ρ̃
(

x̃n, x̃k
)≤ ρ̃

(

x̃n, x̃(i)
n

)

+ ρ̃
(

x̃(i)
n , x̃(i)

k

)

+ ρ̃
(

x̃(i)
k , x̃k

)

≤ ε

5
+
ε

5
+

3ε
5
= ε

for each n,k ≥N

=⇒ {x̃n
}

is a Cauchy sequence with respect to ˜θ.

(3.6)

This implies that x̃ = {x̃n} ∈ Γ(R). Hence, (Γ(R), ˜θ) is a fuzzy complete metric space. �
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Theorem 3.4. The space of the fuzzy entire sequences is a fuzzy linear space.

Proof. Let α̃, ˜β ∈ Γ(R) and let α̃=(ãn) and ˜β=(˜bn), where ρ̃ limn→∞ ãn=˜0 and ρ̃ limn→∞ ˜bn
= ˜0. To prove aα̃ + b˜β ∈ Γ(R) and aα̃ + b˜β = a(ãn) + b(˜bn). It is enough to prove that

ρ̃ limn→∞(aãn + b˜bn)= ˜0. Since ρ̃ limn→∞ ãn = ˜0, given ε > 0, there exists a positive integer

N1 such that ρ̃(ãn,˜0) < ε/|a| for all n≥N1. Since ρ̃ limn→∞ ˜bn = ˜0, given ε > 0, there exists

a positive integer N2 such that ρ̃(˜bn,˜0) < ε/|b| for all n≥N2.
Let N =max{N1,N2}. Then

ρ̃ lim
n→∞

(

aãn + b˜bn
)= ρ̃

(

aãn + b˜bn,˜0
)= ρ̃

(

aãn,˜0
)

+ ρ̃
(

b˜bn,˜0
)= aρ̃

(

ãn,˜0
)

+ bρ̃
(

˜bn,˜0
)

= aε

|a| +
bε

|b| = ε+ ε < ε ∀n≥N ρ̃
(

aãn + b˜bn,˜0
)

< ε.

(3.7)

This implies that ρ̃ limn→∞(aãn + b˜bn) = ˜0. Therefore, aα̃+ b˜β ∈ Γ(R). Hence, Γ(R) is a
fuzzy linear space. �

Theorem 3.5. The space of the fuzzy entire sequence is a fuzzy linear metric space.

Proof. Γ(R) is a fuzzy metric space if we define the metric ρ̃ by

ρ̃(α̃, ˜β)=
⋃

λ∈[0,1]

λ
{

∣

∣

(

an
)−

1 −
(

bn
)−

1

∣

∣

1/n
, sup
λ≤η≤1

{

∣

∣

(

an
)−
η −

(

bn
)−
η

∣

∣

1/n∨∣∣(an
)+
η −

(

bn
)+
η

∣

∣

1/n
}}

,

(3.8)

where α̃, ˜β ∈ Γ(R) and α̃ = (ãn) and ˜β = (˜bn). To prove that Γ(R) is a fuzzy linear metric

space, it is enough to prove α̃+ ˜β, kα̃ where α̃, ˜β ∈ Γ(R) and k ∈ R+. That α̃+ ˜β is fuzzy

continuous follows from the property |α̃+ ˜β| ≤ |α̃|⊕ |˜β|. To prove that kα̃ is continuous;
it is enough to prove that α̃n→ α̃ in Γ(R) and kn→ k⇒ knα̃→ kα̃ for each α̃∈ Γ(R).
Case 1. Let α̃n→ α̃ in Γ(R). To prove that knα̃→ kα̃ since α̃n→ α̃, given ε > 0, there exists
N such that ρ̃(α̃n, α̃) < ε/|k|n for all n≥N . Now

ρ̃
(

kα̃n,kα̃
)

≤
⋃

λ∈[0,1]

λ

{

sup
(n)

∣

∣kα̃n1 − kα̃
∣

∣

1/n
, sup

(n)

{

sup
λ≤η≤1

{
∣

∣kα̃−nη − kα̃−
∣

∣

1/n∨∣∣kα̃+
nη−kα̃+

∣

∣

1/n
}

}}

,

ρ̃
(

kα̃n,kα̃
)

≤
⋃

λ∈[0,1]

λ

{

sup
(n)
|k|1/n∣∣α̃n1−α̃

∣

∣

1/n
, sup

(n)

{

sup
λ≤η≤1

|k|1/n
{
∣

∣α̃−nη−α̃−
∣

∣

1/n∨|k|1/n∣∣α̃+
nη−α̃+

∣

∣

1/n
}

}}

,

ρ̃
(

kα̃n,kα̃
)≤ |k|1/nρ̃(α̃n, α̃

)≤ |k|1/nε/|k|1/n < ε.
(3.9)

Therefore, knα̃→ kα̃ as n→∞ that is ρ̃ limn→∞ ãn = α̃.
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Case 2. Let kn → k. To prove knα̃ for each α̃ ∈ Γ(R), consider k = ˜0. Let α̃ = (ãn) ∈
Γ(R), where ρ̃ limn→∞ ãn = ˜0. Since ρ̃ limn→∞ ãn = ˜0, given ε > 0, there exists N1 such that

ρ̃(ãn,˜0) < ε for all n ≥ N1. Since kn → ˜0, we may suppose that ρ̃˜(kn,˜0) < 1 for all n ≥ N1.
From the fuzzy metric space [6], obviously we get |knα̃| ≤ ε for n≥N1. That is, knα̃→ ˜0
as n→∞. This proves that Γ(R) is a fuzzy linear metric space. �

Theorem 3.6. A fuzzy entire sequence space is separable.

Proof. Let C = {x1,x2,x3, . . . ,xn,0,0,0, . . .} be a countable subset of Γ(R) and xi ∈ Q ⊂
Γ(R), where Q = {all fuzzy rational numbers}. Hence, Γ(R) is separable. �

4. A subset of Γ(R)

In fact, χ is a subset of Γ. For each fixed n, define the fuzzy metric

μ̃
(

x̃n, ỹn
)=

⋃

λ∈[0,1]

λ

{

∣

∣∠n
(

xn
)−

1 −∠n
(

yn
)−

1

∣

∣

1/n
,

sup
λ≤η≤1

{
∣

∣∠n
(

xn
)−
η −∠n

(

yn
)−
η

∣

∣

1/n∨∣∣∠n(xn
)+
η−∠n

(

yn
)+
η

∣

∣

1/n
}

}

.

(4.1)

Let x̃ = {x̃n} and ỹ = { ỹn} be sequence of fuzzy real numbers. Define their distance by

˜d(x̃, ỹ)

=
⋃

λ∈[0,1]

λ

{

sup
(n)

∣

∣∠n
(

xn
)−

1 −∠n
(

yn
)−

1

∣

∣

1/n
, sup

(n)

{

sup
λ≤η≤1

{
∣

∣∠n
(

xn
)−
η −∠n

(

yn
)−
η

∣

∣

1/n

∨∣∣∠n(xn
)+
η −∠n

(

yn
)+
η

∣

∣

1/n

}}}

.

(4.2)

Definition 4.1. x̃ = {x̃n} ∈ χ if μ̃(limn→∞x̃n)= ˜0. In other words, given ε > 0 there exists a
positive integer N such that μ̃(x̃n,0) < ε for all n∈N . The set of all fuzzy subsets of Γ(R)
is denoted by χ(R). Note that χ(R)⊂ Γ(R).

Proposition 4.2. χ(R) is a proper subset of Γ(R).

Proof. Let |xn| ≤ ∠n|xn|. This implies that |xn|1/n ≤ (∠n|xn|)1/n. Let (xn) ∈ χ(R) ⇒
(∠n|xn|)1/n < ε⇒ |xn|1/n < ε for all n≥ n0 ⇒ (xn)∈ Γ(R)⇒ χ(R)⊂ Γ(R). �

Theorem 4.3. χ(R) is a proper closed subspace of Γ(R).
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Proof
Step 1. (1/∠n) /∈ χ(R) But (1/∠n)∈ Γ(R). This implies that χ(R) is a proper subspace of
Γ(R).
Step 2. Suppose that a(p) → a∈ χ(R)⇒ |a(p)

0 − a0|, [∠n|a(p)
n − an|]1/n < ε for p ≥ p0,

=⇒ [∠n∣∣an
∣

∣

]1/n ≤ [∠n∣∣a(p)
n
∣

∣

]1/n
+
[

∠n
∣

∣a
(p)
n − an

∣

∣

]1/n

<
[

∠n
∣

∣a
(p)
n
∣

∣

]1/n
+ (∠n)1/nε/n for p ≥ p0

=⇒ [∠n∣∣an
∣

∣

]1/n
< ε1 + kε, for sufficiently large n.

(4.3)

From Stirling’s formula, where ε→ 0 as p→∞ and k is a positive constant

=⇒ μ̃
([

∠n
∣

∣an
∣

∣

]1/n
,˜0
)

< ε ∀n≥ n0 =⇒ a= (an
)∈ χ(R). (4.4)

�

Theorem 4.4. A subset χ(R) of Γ(R) is a fuzzy complete.

Proof. Let {ap : p ≥ 1} be a fuzzy Cauchy sequence in χ(R), where |∠na(p)
n |1/n → 0 as

n→∞, for each p ≥ 1.
Let ε > 0, there exists N =N(ε) such that

sup
{∣

∣a
(p)
0 − a(m)

0

∣

∣,
[

∠n
∣

∣a
(p)
n − a(m)

n

∣

∣

]1/n
,n≥ 1

}

< ε for m, p ≥N

=⇒ ∣∣a(p)
0 − a(m)

0

∣

∣ < ε,
[

∠n
∣

∣a
(p)
n − a(m)

n

∣

∣

]1/n
< ε for m, p ≥N (n= 1,2, . . .)

(4.5)

⇒ {∠n|a(p)
n |}1/n and so {a(p)

n } is a fuzzy Cauchy sequence in the complex plane for each
n≥ 1.

=⇒ a
(p)
n −→ an as p −→∞ ∀n≥ 1=⇒∠na(p)

n −→∠nan as p −→∞. (4.6)

Now for n≥ 1, p ≥ 1, |∠nan|1/n ≤ [∠n|an− a
(p)
n |]1/n + {∠n|a(p)

n |}1/n.

Let ε > 0, then there exists p0 such that [∠n|a(p)
n − an|]1/n < ε and so this holds in

particular for p = p0.
Consequently,

∣

∣∠nan
∣

∣

1/n
< ε+

[∣

∣∠na(p0)
n
∣

∣

]1/n
for n≥ 1. Now

∣

∣∠na(p0)
n
∣

∣

1/n −→ 0 as n−→∞.
(4.7)
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Thus,

μ̃
(

lim
n→∞∠n

∣

∣an
∣

∣

1/n)≤ ε, =⇒ lim
n→∞ μ̃

[

∠n
∣

∣an
∣

∣

]1/n = 0, =⇒ a= (an
)∈ χ(R). (4.8)

Also (4.5) and (4.6), |a(p)
0 − a0| < ε; [∠n|a(p)

n − an|]1/n < ε for p ≥N(n= 1,2, . . .)⇒ |ap−
a| → 0 as p→∞⇒ χ(R) is a fuzzy complete of Γ(R). �

Corollary 4.5. (χ(R), ˜θ) is a complete fuzzy metric space.

Proof. From Proposition 4.2 and Theorem 3.3, it follows that χ(R) is a closed subspace of
the complete fuzzy metric space of Γ(R). Hence, χ(R) is complete fuzzy metric space. �

5. A superset of Γ(R)

In fact, Λ is a superset of Γ.

Definition 5.1. x̃ = {x̃n} ∈ Λ is called a fuzzy analytic sequence Λ, if ρ̃(x̃n,˜0)≤M, for all
n and some constant M >0. The set of all fuzzy analytic sequences is denoted by Λ(R).
Note that Γ(R)⊂Λ(R).

Without proof, we state the following theorems.

Theorem 5.2. (Λ(R), ˜θ) is a complete fuzzy metric space.

Proof. It is similar to the proof of Theorem 3.3. �

Theorem 5.3. Γ(R) is a closed subspace of Λ(R).

Proof. It is similar to the proof of Theorem 4.3. �

6. Conclusion

In this paper, we try to introduce the concept of fuzzy entire sequence spaces and we deal
with some topological properties also. Many known sequence spaces can be fuzzified.
There is considerable scope for further research in this area like in matrix transformation.
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[5] F. Nuray and E. Savaş, “Statistical convergence of sequences of fuzzy numbers,” Mathematica

Slovaca, vol. 45, no. 3, pp. 269–273, 1995.



J. Kavikumar et al. 9

[6] P. Diamond and P. Kloeden, “Metric spaces of fuzzy sets,” Fuzzy Sets and Systems, vol. 35, no. 2,
pp. 241–249, 1990.

J. Kavikumar: Pusat Pengajian Sains, Universiti Tun Hussein Onn Malaysia, Parit Raja,
Batu Pahat 86400, Malaysia
Email address: kaviphd@gmail.com

Azme Bin Khamis: Pusat Pengajian Sains, Universiti Tun Hussein Onn Malaysia, Parit Raja,
Batu Pahat 86400, Malaysia
Email address: azme@kuittho.edu.my

R. Kandasamy: Pusat Pengajian Sains, Universiti Tun Hussein Onn Malaysia, Parit Raja,
Batu Pahat 86400, Malaysia
Email address: kandan kkk@yahoo.co.in

mailto:kaviphd@gmail.com
mailto:azme@kuittho.edu.my
mailto:kandan_kkk@yahoo.co.in


Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


